Deficiency of the Golgi N-glycan branching enzyme Mgat5 in mice promotes T cell hyperactivity, endocytosis of CTLA-4 and autoimmunity, including a spontaneous multiple sclerosis (MS)-like disease. Multiple genetic and environmental MS risk factors lower N-glycan branching in T cells. These include variants in interleukin-2 receptor-α (IL2RA), interleukin-7 receptor-α (IL7RA), and MGAT1, a Golgi branching enzyme upstream of MGAT5, as well as vitamin D3 deficiency and Golgi substrate metabolism. Here we describe linked intronic variants of MGAT5 that are associated with reduced N-glycan branching, CTLA-4 surface expression and MS (p = 5.79 × 10 −9
Introduction
Multiple sclerosis (MS) is a complex trait disease, whereby multiple genetic and environmental factors combine to determine MS susceptibility (Steinman, 2001; Hafler et al., 2007; Smolders et al., 2008) . The majority of genetic variants that increase disease risk appear to be present in loci involved with regulating the immune response, such as the major histocompatibility complex locus (HLA) and interleukin receptors IL2RA and IL7RA (Gregory et al., 2007; Lundmark et al., 2007; Schmidt et al., 2007; Maier et al., 2009a,b; International Multiple Sclerosis Genetics Consortium and Wellcome Trust Case Control Consortium, 2011) . In addition to the genetic component, environmental factors such as exposure to sunlight are also significant determinants in MS risk (Smolders et al., 2008) . The importance of the effects from the environment is most notably demonstrated in the case of monozygotic twins that are discordant for MS 70% of the time despite virtually no differences in their genome, transcriptome and epigenetic profiles (Ebers et al., 1986; Baranzini et al., 2010) . Evidence supporting the role of the environment in disease risk includes studies involving vitamin D3, where serum levels correlate with sunlight exposure, vary along the earth's longitudinal axis, and inversely correlate with MS susceptibility and severity (van der Mei et al., 2003; Soilu-Hanninen et al., 2005; Munger et al., 2006) .
Understanding how genetic and environmental risk factors combine at the molecular level to promote loss of self-tolerance in MS is critical to identifying safe and efficacious therapies. In this regard, we recently reported that multiple genetic and environmental factors converge to disturb protein N-glycosylation of T cells in MS (Mkhikian et al., 2011) . In mice, the Golgi N-glycan pathway is a critical modulator of T cell function and autoimmune disease (Grigorian et al., 2009) . N-acetylglucosamine (GlcNAc) branched N-glycans attached to cell surface immuno-modulatory receptors are bound by a multimeric family of mammalian lectin proteins, called galectins (Dennis et al., 2009 ). This network of crosslinked galectins and glycoproteins form a molecular lattice on the cell surface that regulates surface concentration, lateral distribution, and signaling strength of the bound glycoproteins (Demetriou et al., 2001; Morgan et al., 2004; Chen et al., 2007; Grigorian et al., 2007; Lau et al., 2007; Lee et al., 2007; Grigorian and Demetriou, 2011) . The Golgi enzymes Mgat1, 2, 4a/b, 5, along with metabolic production of their shared substrate UDP-GlcNAc, control the degree of N-glycan branching, the strength of the lattice and cell growth and differentiation (Grigorian et al., 2007; Lau et al., 2007; Grigorian et al., 2012a) . For example, murine Mgat5 deficiency results in hyperactive TCR clustering and signaling, surface loss of the anti-autoimmune receptor CTLA-4, pro-inflammatory T H 1 differentiation and development of spontaneous Journal of Neuroimmunology 256 (2013) [71] [72] [73] [74] [75] [76] 
